Abstract Understanding the factors that determine the type and amount of formal care is important for predicting use in the future and developing long-term policy. In this context, we jointly analyze the provision of care at both the extensive (choice of care) and the intensive margin (number of hours of care received). In particular, we estimate and test, for the first time in this area of research, a sample selection model with the particularities that the first step is a multinomial logit model and the hours of care is an interval variable. Our results support the complementary and task-specific models which evidence has been found in other countries. Furthermore, we obtain evidence of substitution between formal and informal care for the male, young, married and unmarried subsamples. Regarding the hours of care, we find significant biases in predicted hours of care when sample selection is not taken into account. For the whole sample, the average bias is 2.77% for total hours and 3.23% for formal care hours. However, biases can be much larger (up to 10-15%), depending on the subsample and the type of care considered.
Introduction
It is commonly accepted that family caregivers provide a vast quantity of long-term care to elderly dependent people. An important issue is the balance between what the family and the state, respectively, are doing for old people, and to what extent the responsibility for old people in need is a shared one. The main purpose of this paper is to shed some light on the trade-off between formal and informal care of dependent people as well as to analyze the relationship between the choice of care and the number of hours of care provided. Formal care refers to paid or freeof-charge attention provided by public or private institutions and non-profit organizations, whereas informal care refers to the attention provided by family members, friends, and neighbors.
The growth of elderly population cohorts in recent decades in developed countries has entailed an increase in the proportion of people who suffer mental or physical disabilities preventing them from doing daily living activities, and Spain constitutes a paramount example. 1 These facts are explained by the decrease in infant and elderly (70?) mortality rates and the decline in fertility rates.
The participation of age-related or aging expenditures with respect to GDP has increased in recent years, especially since 1999 (0.15%). However, in 2005 the aging expenditure to GDP ratio was 0.54%, very far from 1.28% of Germany and 1.95% of Denmark. 2 These relatively modest figures for Spanish aging expenditure are related to ''family ties.'' There is solid evidence that supports the idea of strong family ties in Mediterranean countries and weak family ties in the Scandinavian ones [3] . Following this line of argument, Zarit and Eggenbeen [44] have suggested that it would be desirable to cut back public health expenditure by redirecting long-term dependent care from the public sphere to the family core. However, the family's ability to carry most of the burden may be limited due to several sociodemographic changes, such as smaller family size, increasing female participation in the labor market and higher divorce rates. 3 Hence, it becomes more urgent to study the relationship between formal and informal care in Spain. If the government relies on the availability of informal caregivers and chooses not to increase public aging expenditure, then the characteristics and number of informal caregivers can threaten the well-being of dependent people in Spain more than in other European countries.
The provision of social services for dependent people in Spain, before the implementation of the new System of Autonomy and Attention to Dependent People in 2007, was conditioned to the generosity and the requirements imposed by the different regional administrations. Regarding the variables considered for awarding social services for dependent people, the White Book of Dependency indicates that this variables are (1) territoriality that is living for more than 3 years in the Autonomous Community where the application process is taking place, (2) health status (functional dependency, mental and physical disabilities), (3) age (most communities give preference to individuals aged 60-65 or older), (4) personal economic resources and (5) living conditions (living alone, dwelling conditions). Each Autonomous Community gives a different weight to each one of the previous mentioned factors. Therefore, the degree of generosity of each community and the prevalence of different criteria shape different frameworks for the provision of social services for dependent people [9, 25] .
In the existing economic literature on care of dependent people, there is a vexing question of whether formal caregiving hours (provided by clinical staff, nurses, and physiotherapists) compensate, substitute, complement, or reinforce informal caregiving hours provided by family members, friends, or neighbors.
The compensatory model [7] postulates the substitution of one care system by the other, but following an order of preference. The dependent individual only resorts to the use of formal care (social care services or specialized private employees) when all sources of informal care have been exhausted. However, a few empirical studies have confirmed this theory [10, 37] .
According to the substitution model [20] , as the patient receives formal care, the family decreases the amount of informal care provided. This argument has been used by those economists who propose rationing the supply of formal care, aiming at controlling public health expenditure. Nevertheless, applied research has revealed that, in most cases, families do not stop providing care when they receive formal aid [34, 35, 41] . Viitanen [43] analyzed the link between formal and informal care in 12 European countries and concluded that formal care substitutes informal care supplied from outside the care-receiver's household, but does not substitute informal care by the dependent's co-resident relatives.
The task-specific model was proposed by Litwak [32] , according to which formal and informal care are different, but complementary. It sustains that the informal caregiver (a woman in most cases) is more suitable for day-to-day care (washing, dressing and undressing, eating, and drinking) while formal care is set aside for more technological tasks. In contrast to the compensatory model, it is the nature of the task and not the will of the patient that determines who is most appropriate for providing care (the family or the skilled professional). Penning and Chappell [37] and Fischer and Eustis [19] have upheld this model.
Finally, the complementary model, which is a combination of the compensatory and the substitution model, was proposed by Chappell and Blandford [11] . When the dependent's needs exceed informal care resources, formal care provides the necessary support [2, 14] . This is the case, for example, when informal caregivers need to make use of respite services. Chappell and Blandford [11] spelt out two circumstances in which formal care is used in conjunction with informal care: when medical requirements are very complex and when the family goes through a critical situation. In this manner, formal care becomes involved when the informal caregiver realizes that he or she cannot cope unaided.
Many applied studies for various countries have found a negative relationship between formal and informal care. For example, Van Houtven and Norton [42] using data for United States studied the effect of informal care over the utilization patterns of formal care by the single elderly and concluded that the use of informal care decreased home care use and delayed entries in nursing homes. With a similar purpose, Bolin et al. [3] used information from the SHARE [38] for several European countries and found that informal care behaved as a substitute for formal care, but as a complement for hospital and doctor visits. Alternatively, Mentzakis et al. [33] , using data for United Kingdom, concluded that informal caregivers acted as substitutes of formal care for simple tasks but as complements for more skilled and technological tasks. On the other hand, Stabile et al. [39] for Canada and Viitanen [43] for EU countries proposed to estimate the impact of an increase in government expenditure (in home care in the first case, and in formal residential care and homehelp services in the second one) and observed a decrease in informal caregiving (for Viitanen this effect is restricted to informal care undertaken outside the caregiver's household). With respect to the evidence for Spain, although Bolin et al. [3] and Viitanen [43] considered this country (because it was included in the ECHP and the SHARE), they considered a different perspective, that is, the effect of informal care over the demand of formal care in the first case and the effect of long-term care expenditure over the supply of informal care in the second one.
The lack of a cohesive conclusion is due to the idiosyncrasy of informal and formal care. Both types of care may happen simultaneously, or one before and the other afterward. In this context, the main purpose of our study is to shed some light on the trade-off between formal and informal care from the point of view of the care-receiver. In particular, we want to answer two questions: first, does the trade-off vary with the subpopulation considered? Second, which model of care, if any, fits the Spanish case best? Furthermore, our study extends the previous literature by analyzing the extensive and intensive margin (choice of care and hours of care) from the point of view of the caregiver. To these ends, we consider a two-equation model for the choice of type of care and the number of caregiving hours. Following Bourguignon et al. [4] , we use a two-step model. In the first one, we estimate a multinomial logit model and use the estimates to construct the expected second-stage residuals for each type of care. In the second stage, given the interval nature of the caregiving hours equation, we estimate interval regressions for each type of caregiving hours but adding a set of controls (based on the expected second-stage residuals) for sample selection. The comparison of the confidence intervals for the predicted caregiving hours by type of care reveals significant differences between the Bourguignon et al. [4] model and a standard interval regression, indicating that the omission of sample selection bias tends to (significantly) overestimate the number of caregiving hours received.
Our results are different from previous studies for other countries, as the complementary and task-specific models are the prevailing ones. Additionally, we have obtained evidence in favor of the substitution model for the male, young, and married samples (less FC, increases IC), and the unmarried one (more FC, decreases IC). With respect to the population groups considered, the probability of receiving IC is lower for women and the unmarried, and as regards chronic illnesses, the existence of cognitive impairments (mental illness, dementia) constitutes a determinant for the increase in IC hours for all subsamples and FC/FIC hours for the male, young, old, and unmarried subsamples.
The rest of the paper is as follows. In section ''Data and variables,'' we describe the main data source and provide some descriptive statistics. In section ''A model of choice of care and hours,'' we propose a model of choice of care and caregiving hours, following Bourguignon et al. [4] , and validate it against several alternatives. In section ''Results,'' we present the estimation results for the whole sample and three different partitions of the sample: by gender, age group, and marital status. Finally, section ''Conclusions'' offers some concluding remarks.
Data and variables
The dataset consists of information from the Disabilities, Deficiencies, and Health Status Survey (DDHSS) drawn up by the National Institute of Statistics in 1999 with the objective of estimating the number of Spanish residents who suffer from a disability and identifying risk factors associated with health status.
The advantage of the DDHSS [13] is that is the first survey that studies the population with disabilities in Spain since 1986. Therefore, from the point of view of policy making, it constitutes an important opportunity for analyzing the interrelations between formal and informal care. In spite of this advantage, we face two limitations: (1) this survey is cross-sectional and there are no panel data available, and (2) there is no enough information in the questionnaire to enable us to determine which is the sequence of care-receiving. 4 To design the sample, we followed a two-step procedure. First, using the Disabilities and Deficiencies Questionnaire, we selected those individuals who answered in the affirmative to the question: ''Do you suffer any kind of disability?'' understanding as a disability ''a limitation in performing daily living activities that is going to last more than 1 year.'' Second, we focused on individuals over 40 years old. Although many studies have focused on the 4 For example, we do not know if the caregiver or the care-receiver has moved to other's house to provide or to receive care. We also ignore if this is the first time the informal caregiver or the family have faced a similar situation in the past, which could condition the decision of who is going to be the principal informal caregiver and the decision of looking for formal care. And in the case where the dependent individual is receiving FIC we ignore if the onset of both types of care was sequential or simultaneous.
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We consider three categories of care: ''informal care'' (IC), which includes those individuals who only received help from relatives (whether co-resident or not), friends, or neighbors (6,216 observations); ''formal care'' (FC), which includes those individuals receiving help from employees, the public administration or private organizations 6 (562 observations); and ''formal-informal care'' (FIC), which describes those individuals who received help from both types of care (1,002 observations). It can be inferred from these figures that there were 9,662 individuals who suffered a disability but did not need or receive any type of care. The survey indicates whether the provider of FC belonged to public social services, belonged to a private firm, or was a household employee. 7 However, in the last case, we do not know the employee's qualifications.
Respondents who claimed to suffer a disability were required to give more details. There was a list of 36 disabilities, which, for the purpose of this paper, were categorized into disabilities preventing personal or instrumental activities of daily living (PADL and IADL, respectively), 8 following the recommendations of the Federal Interagency Forum on Aging Related Statistics (2000) . In all cases, the respondent was required to indicate the degree of severity and the prognosis associated with each disability. Preliminary analysis suggests that there is no linear relationship between the number of disabilities and the number of caregiving hours (the results of this exploration are available on request). For this reason, we have defined six binary variables (3 for PADL and 3 for IADL) that take the value 1 if the individual suffered two, three, or more than three disabilities. Apart from information about disabilities, the survey contains a list of specific pathologies, from which we have selected mental illness, 9 arthritis, muscular dystrophy, multiple sclerosis, stroke, cerebral palsy, dementia, and parkinsonism, due to the major limitations they usually involve for doing daily living activities.
With respect to the sociodemographic characteristics of the care-receiver, we have considered those variables that may have an influence on the type of care received, either because they directly affect health status (age and sex) or because they have implications for the generation of informal networks (marital status and number of household adults). Given that some authors have documented a positive correlation between income and availability of formal care [5] , we control for household income 10 as well as for the level of education of the dependent. Finally, with the aim of taking into account geographical differences in the provision of formal care, and given that the DDHSS does not include information about the price of formal care received, we have defined a set of dummy variables to denote the place of residence and the size of the municipality.
In spite of being the first Spanish survey that analyzes the reception of care by type of provider and characteristics of the receiver, the DDHSS has several limitations. First, we do not know neither which tasks are performed by the (formal or informal) caregivers nor how the caregiving hours are shared between instrumental and personal daily 5 There were 1,442 individuals (584 male, 838 female) aged between 40 and 64 years old who needed a caregiver to do daily living activities. 6 Private organizations refer both to profit-making firms and nongovernmental organizations. Both options are mentioned together in the questionnaire, so it is impossible for us to disentangle who is the provider of the formal help. Additionally, the reception of public formal care may imply the contribution by the user of a certain fraction of the cost of the service (co-payment). This circumstance depends on the nature of the service, the place of resident (because different Communities apply different requirements) and the amount of individual income. Given that the survey only reports the amount of household income, we can not attribute in which cases the individual had to face the co-payment and in which he did not. Other papers (Bolin et al. [3] using data from SHARE) analyzed also the relationship between formal and informal care without differentiating the nature of the formal provider, given the limitation of their data. 7 The number of formal caregivers may suffer some deviations due to the existence of household employees (mainly female immigrants) who perform houseworking and additional caregiving tasks but do not have a legal contract with the family and are not quoting to Social Security. 8 PADL's include difficulties getting up and going to bed, standing up, moving indoors, washing oneself, controlling physical needs, dressing and undressing, eating and drinking. IADL's include difficulties in carrying light objects, using utensils and tools, clutching small things with hands and fingers, moving without any mode of transport, driving one's own vehicle, shopping, cooking, washing and ironing clothes, cleaning the house and looking after the well-being of the family. 9 Mental illnesses refer to bipolar disorders, depression, anxiety and stress, whereas dementia relates to all possible kinds of dementia (senile, Alzheimer, AIDS-related, brain tumor, brain damage). 10 The variable monthly household income refers to the sum of the regular income received at present by all the household members, irrespective of whether or not all or part of the income goes towards defraying household expenses. It includes self-employment income, employment earnings, contributory pensions (retirement, disability), non-contributory pensions, unemployment allowances and benefits, child benefits, other regular social allowances and benefits (social adjustment wage, family allowances), income from property (rents, dividends, interests) and other regular income. In the case of employment earnings, it refers to the total the amount per month (that is the percentage of regular income that is not paid on a monthly basis: bonus pay, regular social benefits and other extraordinary income that is received on a regular basis). Therefore, due to the certain degree of calculation complexity, this variable could suffer some misreporting errors. living activities. Second, for those individuals who receive IC, we do not know the amount of caregiver's earnings (only the total amount for the household) neither the number of working years, and it is evident that the opportunity cost or providing informal care is influenced by other variables, such as the probability of being employed and the amount of wages. In third place, the general economic situation at the moment of the survey and the differences in unemployment rates (by age and sector) might influence the decision of becoming caregiver, but the DDHSS does not provide information regarding the carereceiving sequence. 11 That is why the determinants of the probability of becoming caregiver are out of the scope of this paper.
Descriptive statistics
In Fig. 1 , we appreciate that as people get older the percentage of non-dependent individuals decreases and at the same time the fraction of people who need some type of care increases. The number of individuals who, conditional on having a disability or a deficiency, receive IC increases from 24% at 40 years old to 70% at 90 years old. In second place, FIC represents 12.5% at the age of 90. In contrast, the trend for FC increases from 60 to 80 years old (6%) and then decreases (1.8% for the interval 96-99 years). Figure 2 illustrates the relationship between household income and type of care. It is evident that IC decreases and FIC increases with income. In fact, for the brackets €2,343.95-€3,906.58 and more than €3906.58, the percentage of FIC increases from 28.5 to 50%. On the other hand, low-income households [€264.5-€390.6] attain the maximum level of FC. We should consider that the poorest and richest households might not rely on the same source of FC. 12 Finally, Fig. 3 represents the distribution of caregiving hours by type of care. 13 The mode for those that only receive FC is seven or fewer hours. However, the mode for those who receive IC or FIC is 60 h or more. 11 We acknowledge an anonymous referee for suggesting this observation. 12 For example, the rate of household employees for the whole sample is 0.7%, whereas it increases to 20% for households with an income of more than €2,344/month (although we cannot be sure that these household employees behave as formal caregivers). 13 Unfortunately, we do not know the distribution of hours between formal and informal care when the individual receives both types of care.
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A model of choice of care and hours
The problem under consideration is by no means a simple one. On the contrary, it is a complex problem because there are multiple decision-makers involved. First, family members may or may not adjust their lifestyle to the dependent's needs. Second, private professionals may be hired either by the family or by the patient, and finally, either the regional or local administrations may offer special services for non-institutionalized dependent people (home care, telecare, day care centers, and respite services). In this context, it seems reasonable to consider the possibility that the choice of the type of care (C) and the number of hours (H) of care received are jointly determined. Thus, we consider a two-equation model for estimating the decisions of type of care chosen and number of care hours received.
Following previous work by Bourguignon, Fourier, and Gurgand (BFG 2007), for each care alternative j (0 = no care (omitted category), 1 = formal care, 2 = informal care, 3 = formal and informal care), we define an ''outcome equation'' (1a) for the number of caregiving hours (H) received and a ''selection equation'' (1b) which describes the ''value'' (C) obtained from each type of care:
where e j verifies that E[.|X, Z] = 0 and V[.|X, Z] = r 2 . The vector Z represents the set of explanatory variables for the care alternatives and the vector X contains the determinants for the number of hours. 15 Although we shall consider a Fig. 3 Distribution of the number of weekly caregiving hours by type of care 14 With the exceptions of País Vasco, Cataluña and La Rioja, most of the time is devoted to home help rather than to personal care activities (IMSERSO [26] ). 15 Although it is not strictly necessary, we (over)identify the model by imposing some exclusion restrictions, that is, variables in Z that are not in X. For example: the variable ''education'' is included in Z but not in X because it may reflect the effect of learning externalities, that is, more education implies a higher degree of awareness about social services for dependent people (usage of internet). To check the appropriateness of this exclusion restriction in our two-stage selection model, we have included it in both stages and tested their significance in each stage. The F-test shows that this variable is significant at the 1% level in the first stage and not significant in the second stage, providing support for the exclusion restriction. We have included the coverage index of social services in X but not in Z, to consider the possibility of substitution between formal caregiving hours at home (home care) and outside (day centers) or between personal and technical aid (home care vs. telecare), and the alleviating effect of respite services for informal care. The coverage index is the ratio between the number of users and total population C 65 years).
very large set of explanatory variables, there are still some unobservable determinants. For example, we cannot consider (because of lack of information) family dynamics and history, caregiver's feelings (anxiety, sadness, anger, or guilt), values and beliefs about the roles of the family, the care recipient's personality, whether the caregiver has been thrust into the role because of lack of alternatives, and the nature of the relationship between the caregiver and the dependent.
Without loss of generality, we assume for the rest of the model that the outcome variable H Ã 1 is observed if and only if the category ''formal care'' has been chosen, that is, if
The problem that we face is the estimation of b 1 and all the a j 's taking into account that the error term e 1 may not be independent of all the errors in the model. This situation would induce correlation between the explanatory variables and the residual term in the outcome equation. For this reason, OLS applied to the selected sample may be inconsistent. Thus, we have a selection bias model as in Heckman [21] , with the difference that the selectivity criterion is given by a multinomial logit model rather than by a univariate probit.
Several alternatives have been put forward in the econometric literature to identify the parameters of this model. Lee [27] proposed a generalization of Heckman's [21] method. His approach is quite simple and only requires the estimation of one parameter in the error correction term. However, it imposes very restrictive assumptions about the structure of the covariance between e 1 and the error terms of the selection equations. To avoid this problem, Dubin and McFadden [15] introduced a method that does not require the imposition of any constraint between e 1 and the error terms of the selection equation, but they restrict u j to the family of Gumbel distributions. More recently, Dahl [12] developed a semiparametric approach, but it becomes computationally unfeasible to implement in practice as the number of alternatives increases. Finally, BFG proposed a variation of Dubin and McFadden's method. In this paper, we follow the latter approach. BFG allow e 1 to be a linear combination of normal distributions, and as a result, e 1 also follows a normal distribution.
where A is the cumulative standard normal, G is the cumulative Gumbel distribution, and q 1 is the correlation coefficient between e 1 and u Ã j . For each j, it is assumed that the expected value of e 1 and the error term u Ã j are linearly related, 16 where g 1 denotes a residual term orthogonal to all (u Ã j )'s and such that E[g 1 ] = 0. This implies that a crucial assumption in this specification is that the Independence of Irrelevant Alternatives hypothesis holds. Substituting the error term of Eq. (1a) by its conditional expectation plus a residual term, we get this expression:
where g is the Gumbel density distribution, P j is the probability that the alternative j is chosen, and m 1 has zero mean and is orthogonal to all other terms. Therefore, OLS may be applied in this equation to obtain a consistent estimator of b 1 (see Bourguignon et al. [4] for details).
Because of the fact that the d(P j ) terms need to be estimated, the standard errors from the OLS regression are incorrect, so we present bootstrapped standard errors. Note also that a joint test of significance of the coefficients of the d(P j ) stands for a test of the presence of relevant selection in the hours equation and hence for the validity of the OLS estimates. However, the ''genuine'' BFG model cannot be applied to our data given the interval nature of the variable ''caregiving hours.'' 17 In our dataset, respondents to the DDHSS were asked to report the number of caregiving hours within a number of mutually exclusive intervals: fewer than 7, 7-14, 15-30, 31-40, 41-60, and more than 60. Thus, the dependent variable is ordinal but interval coded. Consequently, we can consider the resulting model as a two-step procedure. In the first step, we estimate a multinomial logit model for choice of care, using as explanatory variables age, sex, marital status, main breadwinner, level of education, labor force status, monthly household income, number of children, number of adults in household, variables related to disabilities and illnesses, size of municipality, and place of residence. Using the estimated coefficients (â j ), we obtain the predicted probabilities (P j ) and then we construct dðP j Þ, for all j's. The coefficient associated with the latter term is fundamental in order to test for the validity of the joint determination hypothesis. 16 The linear combination assumption is based on the fact that all u Ã j are independent of each other. 17 The estimation of the model has been performed using a modified version of the program ''selmlog.ado'' because the original program was designed for a continuous variable. The original routine ''selmlog.ado'' is available at http://www.pse.ens.fr/gurgand/ selmlog13.html.
The trade-off between formal and informal care in Spain 467
In the second step, we estimate an augmented (with the sample selection correction terms) interval regression with known thresholds between intervals. We assume that the number of caregiving hours is explained by individual factors (age, sex, illnesses and other health variables, number, type, and severity of disabilities), socioeconomic factors (main breadwinner, marital status, household income, relation with economic activity, number of children and adult members) and geographical factors (size of municipality and the coverage index of social services for dependent people).
The estimation results for the caregiving hours regressions (second step of the modified BFG model) are shown in Tables 11, 12 , 13, 14. The variables d(P j ) (j = 0, 1, 2, 3) are consistent estimators of the expected conditional residuals of the multinomial model. Each coefficient d(P k ) represents the covariance between the residual of the least squares regression and the corresponding residual from the multinomial logit regression. The variable r represents the standard deviation of the error term. The significance of the selectivity correction terms individually and as a whole indicates that the appropriate method for estimating these equations is BFG. We reject the null of equal coefficients between the corrected (BFG) and uncorrected interval regression (excluding the intercept and the selectivity terms). The results of these exercises are available upon request.
In this context, the joint significance of the selectivity correction terms indicates that the BFG method is more consistent than OLS and therefore is the preferred estimation method for these two equations. The sign of a particular selection term indicates the direction of the selection bias resulting from the choice of a particular type of care as opposed to all other types of care taken together. Therefore, it constitutes evidence in favor or against which of the proposed theories for the relationship between formal and informal care holds for each particular sample. For example, a negative selection bias term corresponding to IC care in the regression for FC hours indicates that individuals with FC receive fewer caregiving hours as opposed to all other types of care, because people with more disabilities ''exit'' FC and ''enter'' IC. This evidence ''could be'' a sign in favor of the substitution model.
We have said ''it could be a sign'' because to a certain extend we are restricted by the available data. The information regarding the supply of formal services in Spain before the reform of 2007 (which implemented the new Law of Dependence and ushered in the System of Autonomy and Dependency Attention) is quite scarce. This is so because the provision of social services for dependent people was controlled by either regional administration (residential centers) or the local administration (day centers, home care, and telecare), and consequently, we cannot control for factors such as the existence of waiting lists or different regional/municipal investment efforts in social services. That being said, we have to recognize that evidence in favor of the substitution model may be the result of an unmet needs problem. To this extend, the absence of longitudinal data prevent us from observing a sequence of ''supplies of care.'' It could be possible that an individual with disabilities applies for some social service, but the application is denied or the quantity/quality of the service is below his expectations. In this case, the reception of informal care may act as a ''mattress'' for compensating deficiencies of the formal care system.
Results

Specification testing and alternatives to the BFG model
There are many alternatives to the model described in the previous section, especially to the first step of the model. The first-step MNL imposes a strong restriction on the correlation structure of the errors of the first-stage equation. Hence, it is advisable to test this restriction against more generalized alternatives. In this section, we first evaluate the plausibility of the IIA hypothesis and then compare the MNL with multivariate probit alternatives.
As regards the first question, an essential property of the multinomial logit model is that the odds ratios are independent of other alternatives, that is, if a subset of choices is truly irrelevant, omitting them from the model will not change the estimate assuming that we use the remaining choices systematically. However, if the remaining odds ratios are not independent of these omitted alternatives, the estimated coefficients will be inconsistent. Table 1 presents the test of the IIA hypothesis by means of the Small-Hsiao test. The results do not allow us to reject the IIA hypothesis (results for the subpopulations considered are available upon request). This implies that distinguishing between FC, IC and FIC is not only analytically but also econometrically appropriate. Although, a priori, the alternative ''no care'' might seem irrelevant, the tests indicate that this is not the case. A dependent individual who desires formal care, but does not receive it, may prefer the option ''no care'' rather than ''informal care'' because he or she does not want to be a burden on the family.
We have also performed a set of Wald tests for the combination of outcome categories, where the null hypothesis is that all coefficients except intercepts associated with a given pair of outcomes are 0 (that is, categories can be collapsed). In all circumstances, we reject the null hypothesis, which means that we have appropriately categorized individuals into no care, FC, IC and FIC (results are available upon request). Finally, we have compared the goodness of fit of the multinomial logit for the first-step regression with a bivariate probit 18 and a trivariate probit with space restrictions. 19 Our results (see Table 2 below) indicate that the multinomial logit model reports the lowest values for the AIC and ICOMP, although the bivariate probit reports a slightly lower Bayesian Information Criterion (BIC). If we repeat the same exercise for the different subsamples (men, women, young, old, married, and unmarried), we confirm that the AIC and ICOMP are always smaller for the multinomial model (available upon request).
Trade-off between formal and informal care Table 7 presents the predicted probabilities of receiving each type of care for the base case (male, age 80-99, married, with elementary education, household income between €390.6 and €1,172 per month, suffering one PADL and one IADL and living in Cataluña) as well as the marginal effects implied by the first-step multinomial model. The probability of receiving IC for the base case is the highest (0.3056) in comparison with the probabilities of receiving some kind of formal care, whether or not it is combined with informal care (0.0374 for FC and 0.0118 for FIC). The higher the level of education achieved, the lower the probability of receiving IC (-4.26 pp. (percentage points) for high school and -12.10 pp. for college degree). This result agrees with the results of other authors. For example: Byrne et al. [6] found that ''parental education is negatively correlated with informal care provision by adult children,'' and also Hiedemann and Stern [22] and Engers and Stern [16] . They interpret it as a sign of more reliance of more educated people toward formal care. On the other hand (as it appears in the text), the education of the dependent individual may be a proxy of the cost of applying for social services [1] .
Married dependent people show a lower probability of receiving only FC (-3.55 pp.). Some studies [11] have considered that the presence of a spouse guarantees the reception of informal care. However, the care-receiver can receive IC from other members of the family, for example adult children [17, 40] . In fact, the estimated coefficients indicate that each adult member increases the probability of receiving IC by 2.71 pp. The network of informal caregivers may improve the dependent's health by listening to medical instructions, transporting the patient to appointments, and noticing health problems more quickly. But given that there is no available information concerning the share of tasks among different co-residents, we cannot set it down that it constitutes an evidence in favor of the taskspecific model or the complementary model. The probability of receiving FC decreases for the two lowest-income brackets (-2.30 pp. and -2.12 pp.). At the same time, the probability of receiving FIC increases as household income increases (1.30 pp. for the range €1,172-€1,953 and 4.08 pp. for more than €3,907). This result is in line with Kemper [30] who concluded that higher income is associated with a higher probability of using formal care.
People who have benefited from rehabilitation treatment or have changed of residence to receive better medical treatment show a significant increase in the probability of receiving all types of care, although the probability of receiving IC increases the most (8.82 pp. for change of residence and 2.36 pp. for rehabilitation treatment), thereby indicating complementarity between informal and formal care. Tables 8, 9 and 10 in the Appendix), we observe that the probability of receiving FC is higher for women than for men (0.0056 against 0.1525), and for unmarried compared to married (0.1980 vs. 0.0211). In turn, the probability of receiving IC is much higher for older dependents (70-99 years) than it is for younger ones (40-69 years) (0.3194 against 0.1037). The lowest probability of receiving FIC corresponds to younger dependents (0.0007) whereas women and unmarried attain the highest ones (0.0233 and 0.0220). We can point to three reasons why the probability of receiving FC in the baseline is higher for women than for men. First, because women have a longer life expectancy than men, they make up the majority of the very old. Second, because women play a caregiving role in the family, so that when the caregiver herself develops mental or physical limitations, the family seeks outside help [31] . Third, since women tend to outlive their husbands, women are less likely than men to have a spouse to care for them in old age. 22 The probability of receiving FC decreases by 4.00 pp. for married men, but being married is not significant for the receipt of FC in the case of women. On the other hand, the number of coresident adults slightly decreases the probability of FC for men, but each additional adult increases the probability of IC for women by 5.19 pp.
Suffering three or more IADL disabilities increases the probability of receiving FC by 1.91 pp. or 1.51 pp. for men, and between 11.14 pp. and 13.71 pp. for women. Although we might think that gender differences related to IADL disabilities are connected to housework, shopping and preparing meals, we do not believe that this is the case, because the gender difference is consistently observed across other IADL disabilities such as using public transport, moving around the house and using utensils and tools. If the prognosis is that the disability can be overcome, stabilize, or worsen, the probability of using IC increases for both genders.
For all subsamples, as the number of disabilities increases, the probability of receiving IC increases more than the probability of receiving FC does (for PADL disabilities, the greatest increases are observed in men (7.61 pp.), and for IADL disabilities, in women (8.59 pp.) and unmarried (8. 46 pp.) ). When the number of IADL disabilities is four or more, the probability of receiving IC increases by 18.94 pp. and 15.12 pp. for older and married dependents, respectively.
For the subsample of young dependents, we observe a negative marginal effect corresponding to disabilities for seeing, hearing, relating, or having two or three PADL disabilities. Moreover, the highest marginal effect (in absolute value) corresponds to IC, which means that young dependents are less prone to use this type of care with respect to FC and FIC.
Living in a municipality with fewer than 10,000 inhabitants decreases the probability of receiving IC for old dependent individuals by 50 pp. These results cast doubt on the stereotype that seniors in rural areas are more likely than those in urban areas to have extensive, closely knit, informal networks, and a stronger sense of community [29] . This perspective does not take into account several hidden costs such as transportation, isolation, and lack of social resources.
Regarding the results by Autonomous Communities, Extremadura is the region with the smallest probability of IC for unmarried people, which may be explained by the fact that it is the third region with most elderly people living alone (21.3%). In contrast, Cantabria, Navarra, and Ceuta show the highest probability of IC for women and elderly dependents. These results could be related to the characteristics of social services for dependent people in these regions. Cantabria exhibits a very low coverage index for telecare services 23 (0.2 as opposed to 0.78 for Spain), whereas Navarra is the region where home care is most expensive. 24 Ceuta has no private or public day centers, and it shows the lowest coverage index for residential centers (1.46 23 Home care and telecare services depend upon local administrations, which may result in large disparities in both eligibility and generosity. 24 The cost of home care services differs greatly across regions (the most expensive being Navarra, at €19.1/h). Moreover, the co-payment rate varies from 0% in Ceuta and Melilla (5% in Andalucía and Murcia, 10% in País Vasco) to 20% in Rioja. 25 IMSERSO [26] . 26 Censo de Población y Viviendas (INE [23] ).
Finally, the probability of receiving FC for elderly dependents is greatest in Cataluña. Although the coverage index is lower than the national average (1.2 as opposed to 1.8), 85% of home care time is devoted to personal care and only 15% to home help. In this respect, the estimated coefficients might reveal how useful the care-receiver perceives each type of care to be.
The hours equation
To assess how sample selection bias affects the estimated coefficient of the hours equation, we have computed the 95% confidence intervals for predicted caregiving hours by type of care, subsample, and illness suffered, using the BFG model and a standard interval regression (Table 3 ; results for the subsamples available upon request). Bold figures correspond to cases where significant differences are detected. Note that the omission of the sample selection bias tends to overestimate the number of caregiving hours (being the formal care for married individuals an important exception). For the whole sample, overestimation is set at 2.77% for total hours and 3.23% for formal care hours.
Overestimation by the interval regression can be even more important in certain subsamples, being a good example the case of formal care for male and young individuals.
Results for the whole sample Table 11 presents the hours equation results for the whole sample. We observe that the most significant predictor of hours of care is health status (mental illness, dementia, the number of PADL or IADL, and the number of days in hospital) and that none of the age intervals is significant for any type of care. This fact should be taken with moderate enthusiasm by policy-makers because the increase in life expectancy does not constitute a problem (in terms of health expenditure) as long as there is a parallel increase in the number of healthy years. It also reinforces the usefulness of chronic illness prevention policies as budget control instruments (since present health expenditure can ''reduce'' future costs). The sign of the estimated coefficients for the variable ''household income'' is quite interesting because the number of FC hours decreases for households with more than €1,953 per month.
The number of FC or FIC hours increases for cerebral palsy, dementia, 27 or when the dependent has an impairment certificate, which may constitute evidence in favor of the task-specific model, because professional ability is needed to perform certain exercises. On the other hand, the rise in caregiving hours as the number of IADL increases points to the existence of complementarities between FC and IC in situations when the informal caregiver might feel overwhelmed, or caregiving demands are excessive. Table 4 (below) summarizes the interpretation of the selection bias correction terms shown in Table 11 in the Appendix. The number of the selection bias term corresponds to the alternative of care (0 = no care; 1 = IC; 2 = FC; 3 = FIC). We have found evidence in favor of the complementary or task-specific models. 28 For example, a negative selectivity term for FIC in the FC equation implies that hours in FC are upward biased due to the allocation of individuals with worse unobserved characteristics out of FC and into FIC. Under the expression ''worse unobserved characteristics,'' there might be several underlying variables, but one of them are certain component of the health status that are unobservable for us (i.e., we cannot control for all degenerative diseases, terminal illnesses, intake of medication, pain, and psychological well-being). The situation d(P 2 ) [ 0 in FIC equation can be interpreted as the opposite of previous situations, because in this case, the combination of both types of care (FIC) is not appropriate for individuals with better unobserved characteristics. However, we acknowledge that the type of care received (only IC) might be conditioned by the availability of informal caregivers or the lack of social services.
Hours equation by age, gender and marital status 29
The detailed results by gender, age group, and marital status are presented in Tables 12, 13 and 14, respectively. At least one of the selectivity terms (d(P j ), j = 0, 1, 2, 3) is significant in each regression. Tables 12, 13 and 14 show the results for the second step of the modified BFG model by gender. The first thing to note is that age is a significant factor of care for men 50-59 and for women (from 80 onwards). Married men tend to receive more IC hours, whereas marital status is not significant for women in any regression and main breadwinner women tend to receive 27 However, we acknowledge that this result might be coincidental because the requirement of a third person for doing daily living activities and also for surveillance purposes could be a consequence of other pathologies. 28 However, the identification of the model with relates FC and IC might suffer from lack of accuracy due to the limited information of the dataset (information of income, sequence of caregiving) which also restrain the type of model implemented (consideration of unobserved heterogeneity). 29 Although the number of observations for some regressions is quite reduced, we have not found convergence problems. Other papers have found reliable estimates using sample sizes even smaller. For example, Litwin and Attias-Donfut [28] estimated the variables influencing the probability of receiving formal and informal care in France and Israel. In their regressions, for the probability of receiving both types of care at the same time, the number of observations was 115 for France and 54 for Israel.
The trade-off between formal and informal care in Spain 471 fewer IC hours. Also important is that the number of co-resident adults is very significant for women (mainly daughters or daughters-in-law who act as caregivers). 30 Suffering dementia or mental illnesses increases the number of IC hours in all the subsamples considered. It also increases the number of FC/FIC hours for the male, young, old, and unmarried subsamples (Tables 12, 13 and  14) . The coefficient of the variable ''number of days in hospital'' implies that female patients rely on their spouses less frequently than male patients do. Comparing the young and old subsamples (Table 13) , we observe that having been in hospital increases the number of IC hours for both, the effect being stronger for the latter group.
Having received a rehabilitation treatment has a different impact because it increases the number of FC hours for the younger subsample and the number of FIC hours for the older one (Table 13 ). This result may reflect that young people are first entitled to FC until they recover (if that is feasible), but old dependent people tend to use IC in combination with FC (for example, after a hip fracture).
Suffering dementia or mental illness and having been in hospital increase the number of IC hours for married and unmarried, but the coefficient is larger for the latter group, indicating that unmarried people are more prone to receive informal support in acute care circumstances (surgery) ( Table 14) . This evidence is supported by the fact that suffering disabilities with unfavorable prognosis increases the number of IC hours for married people but decreases it for unmarried people. Table 5 summarizes the interpretation of the selection bias terms for the models estimated. Most cases point to the complementary or task-specific model; that is, IC does not decrease when dependent people start receiving FC, and at the same time, when caregiving demands go beyond IC abilities, more complex tasks are carried out by formal caregivers. For the subsample of men, young, and married individuals, a decrease in FC leads up to an increase in IC, which can be interpreted a sign of substitution between both types of care. On the other hand, for the unmarried subsample, an increase in FC leads up to a decrease in IC, which also constitutes evidence in favor of the substitution model.
Conclusions
In this work, we have explored the determinants of care, at the extensive margin, choice of care, as well as conditional on the choice of care, at the intensive margin, that is, the number of caregiving hours received, while taking into account the potential sample selection bias induced by the type of care chosen.
On the econometric side, we have modeled the firststage choice equation as a multinomial model and, more importantly, have been unable to reject this assumption against both a general alternative and some specific alternatives. Regarding the hours equation, we have rejected the validity of the OLS estimates. The OLS biases can be sizeable. For example, for the whole sample, the average bias is 2.77% for total hours and 3.23% for formal care hours.
Results from the multinomial logit for the choice of care point to the existence of differences by age, gender, and marital status. Specially relevant from the point of view of policy are the results regarding the provision of social services, since the evidence obtained reveals large disparities among regions. The probability of receiving IC increases in those regions where social services coverage (telecare, home care) is insufficient, when the co-payment is higher than the average, or when time distribution between personal care and housework is biased toward the latter. This implies that social security programs should not be based on the assumption that dependents' needs are about equal in all regions, since local needs vary according to the sociodemographic characteristics of the population. 30 Although the DDHSS does not provide information of the kinship between caregiver and care-receiver, using another survey [24] for 1994 (the nearest available year to 1999) we have ascertained that for the cohort of women aged 65 and older who receive informal care from a co-resident caregiver: 65.28% of caregivers were daughters and 16.11% daughters-in-law.
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Unlike Van Houtven and Norton [42] , Bolin et al. [3] , and Viitanen [43] , who analyzed the relationship between formal and informal care from the perspective of the caregiver and who confirmed a substitution effect between home care and informal care, we have analyzed that relation from the point of view of the care-receiver. The result for the whole sample (as well as for most of the population groups considered) show that an increase in the home care coverage rate implies an increase in the number of informal caregiving hours. On the other side, an increase in the coverage of day care centers is associated with a decrease in the provision of informal care. This points out to complementarity between IC and ''inside home'' FC and substitution between IC and ''outside home'' FC. This last result agrees with those found by other authors [36, 43] who, in the first case, concluded that conditional on the availability of adult children there existed a negative relationship between home care and nursing homes, and in the second one, observed a negative correlation between residential services (day centers in our case) and IC.
The analysis has shown that informal caregivers are not only the most usual caregivers in the community, but that they also provide the greatest amount of care. The probability of receiving IC increases with the numbers of PADL/IADL disabilities at a higher rate than increase the probability of receiving FC. Results confirm that the probability of receiving IC increases with the number of coresident adults: each additional co-resident adult slightly decreases the probability of FC for men and increases the probability of IC by 5% for women and unmarried.
We have found a strong relationship between the number of IADL/PADL disabilities and the number of caregiving hours, which suggests that IADL/PADL disabilities should be an important criterion for determining the amount of formal care received. The Spanish Autonomy and Dependency Care System, which became operative in 2007, seeks to take into account the diversity of situations of dependency. First, it classifies individuals into three degrees of dependency: moderate, severe, or high dependency according to the number of times per day he or she requires support to perform daily living activities). Second, for each recognized dependent person, it designs an Individual Care Program that establishes the amount of services (telecare, home care, day centers, nursing centers, and respite services) and the economic benefits assigned to his or her degree of dependency. Given that in certain circumstances the coverage of certain social services is insufficient to satisfy the demand, the System has introduced the ''service-linked economic benefit'' for those cases where the dependent individual has to resort to a private provider to receive formal care. There is also a ''caregiver's benefit'' that pursues a double purpose: to delay the dependent's institutionalization as long as possible, and to compensate informal caregivers' dedication. An interesting issue for future research will be to analyze whether these changes provide a better mix between formal and informal care.
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